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This study used the guinea pig keratoconjunctivitis model to examine the importance of route of adminis-
tration lmucosal versus parenteral), frequency and timing of immunization (primary versus hoosting immu- 9-_ 54
nization), and form of antigen given ( live atten uated vaccine strain versus 0-antigen-protein conjugate) on the 9_
production of protective immunity against Shigella infection. Since local immune response to the lipopolysac-
charide (LPS) 0-antigen of Shigella spp. is thought to be important for protection against disease, 0-antigen- ~ __

specific antiboldy-secreting cells (ASOI in the spleen and regional lymph nodes of immunized animals were
measured by using an ELISPOT assay. Results indicated that protective efficacy was associated with a strong
0-antigen-specific ASC response, particularly in the superficial ventral cervical lymph nodes draining the mob__
conjunctivae. In naive animals, a strong ASC respon-e in the cervical lymph nodes and protection against ___

challenge were detected only in animals that received a mucosal immunization. Protection in these animals w~as
increased by a boosting mucosal immunization. While parenteral immunization alone with an 0-antigen-

protein conjugate vaccine did not protect naive animals against challenge. a co~mbined parenteral-mucosal

specific serum immunoglobullin A titers were significantly higher in animals receiving a mucosal immunization,
there was no apparent correlation between levels of serum antibody and protection against disease.

Shigecllac are enteric pathogens that invade the hlunian maximizing thc protective immuntnity produced by at vaccinec
Colonic Cpithlcliumn and nmtiltipIV intracellularlv. causing hac il- against Sh i gC I osis is crucial.,Lary dvscuiic ry. Sh igc Ilosis is part icu larlv prevalIent ill deve lop- The ah il itv of' sli igc iic to inviade tie crinca I epi thel ia of'
ing countries, hut it is also found in indUstrialized couintries. guineai pigs and to sprcad to con1tillu1ous cell,.. cusing kerato-
cspeciallv in institutional settings. It lits been estimated that conljunctivitis, provides at model systern to test thc virulence of
shigcllosis is rcsponsiblc foir more than halt a million deaths a Slngella strains and thc protective cflicacv and imniul~nogcnicitv
year. mostly in voting children (38). making the development of .Shi'5 e/la vaccines ( l6. 30). Inl thc present studyI. file OUin1-a
of' a saf'c and effective Shigella vaccine anl important goal, pig keratoconjunctiVitis miodel was used to exanmine thc effect
Epidemiologcial cvidene hats indicated that naturally acquired of" route of' administration (11niuCtisal versuIs parcnitcral ). ftc-
immunity to shigcllosis is species and serotx'pc specific (2. 9. I2. qiiency of' immuitnizatin(prmr visus hoosting immun~iliiza-
17. 26t), and there is also evidence that the presence of serumn tion). and formi of antigeni giveni (live attenuated \accine strain
antihodies against the lipopolvsaccharide (1.1S) 0-antigenl are versus 0-anltilgenl-protein1 ConjUgate ) Onl thle iiidUetioll of pro-
associa ted with protect ion against dlisease ( 2. 3. 5 ). Thus, the teetiye inminruitii ty against disease in ii aix aniniia Is anid to
LITS 0-ant igen ii ay hc at critical antigen in the development of examin fiilt e relationship of' lie secrtn Mi id local1 i in inn neC
proitective inmmunity against disease. responses geiierated liv immuni tiiatin nit protect iton. II lol mgrell

Local immunity is thought to play an import anit role iii el alI. ( 19) pro po sed that de term inat iton of ilie aiit iht id re -
defense against bacterial e nte ropat hti)geus like sh igellIae that spouse agaitnst p)rotective a ut igcw sl attlie lin uctisaIl sitec of,
infect mucosal surfices ( 19. 2(0). After earlier studies dICmou0- anlrigri stimulation may represent at More aIccurate represen-
strafed that parenieral imniul~nization with live or- killed sie-tattil (of, tile loctal invin inc u eesp( n se i hit tile inca su remlent iof
lac did not protect against infection ( 11 1 I8. 37). recent efforts anltihodies in hodx' ffluids ixxhere degraidationi and hialf-life of'
have emphasized the development tif' orally administered anltiblody molecules inluenLce1C the a1ccuracy of' analyses. Mea-
attenuated vaccine strains to indue nilucosid immunlllitV to sriletoaitti-srtigmp
.S'hiella antigens (9. 10I. 21, 24-27). Alth1ough several candi- sucletoatlovsceigcells ( AS( ) in regional Ivlp
dates have shown promise. thle deCvelopmetIC o1f at sale' and iiodes or mueiosal tissues has, been usecd init a ariety of ytems\.,cl
eflicaeious.Shigelfla vaccine hats heeni a ditfliclt task. Tlherefore. to det ermiinte the IncalI iniiti iiu i responitse to at speciflie antigeni

and hitas heel .,fshown to correlate xx ithI lev Is if, seere loiN
iin iiiLinoglohu liii A ( secre torx' igA\) (8. I13. 28. 32 ). In t Iiis stuldy.
the local immneiln response to the IT.lS 0-antigenl inlduced b\y

('rtirrsporitting atiilthr. Mailingt!, ikddress: I parinicni tit I-11teric immninlizationl wats determined by nicasuiring the 0-antigen-
Infectitins. Wattter Reed Aiin 11PAtusij itet Research. Waller Reed specific ASU in thle regional Im lph nodes draining the eve. the
Army Mcdical C enitcr. Btti j d i g 41). Wash ingtaon. DC) 2113117.5 II I site of'i ninii ifl tatitl in a id in feet ion, and in thle spl eeni. Peve r s
Phone: (2012) 570i.37 9)2, kt\: (2012) 576-0t74S. patches. and other IN~'mph nodes b\ Lisiig the cn/\nme-linked
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ifliniuliospot (EiLISPOT) assay. The serumi aiitibodv response tA131.! L 11 immun11i/atiii protocoI'
to the 0-antigen w\is determined after imm~lunIZizaion. In 1-*1,t ii.o"Icr scomdnI b.....tr
add itilon. since previous expe ri menIts have suggested that par- 'ri nor>ý i mitllillai n ni.'aiiiiii1ol 111timniii,;ii

en teralI priming followecd by iiiucosal immuinLIniza tion eniha nces 'ni iico __________

thle mucosal response to Qhi~gcla antigens (22), studies were a;ccinc roiute .ix" Oil\, 1 ).ivt\, )wik D%
designed to test whether combination regimecns increased thle ,tle rotilk

protective ethecacy agzainst disease. NC Nonirnnitini/eu
NI FS-1C' 0,1 24
M-13 FS-0( 0I. 2. 4 iIS-0( 14.1I5

MATERIALS AND) METHODIS film 2ii-iP 0

Bacteria[ strains and vaccines. Thle virulent strain S/uige//o L-S-O( 2.14
flevncri serotvpe 2a 2457T wits obtained f'romi the Walter Reed iim-soil soii-IP 0I

I:SO() 2. 4Arniv Institute of' Research eollection and used to challenge 1PIM-B I
gulinea pigs. When used for challeiige, the strain was first 1-S(( 2t 4I L-( 1.I
streaked onl Congo red plates (t0.011"i Congo red dye [Difrco ir t
Laboratories. Detroit, Mich.1 in Trypticase soy agar (Dilfeo): I I-B1 2ait 0 11-11 14 11i-l , 2x
Congo red-positive colonies were then selected and spread for tPC fln-1 it1) Pni' 1 Pn-IP J4 S

growth onl Trvpticase soy agar plates and grown overnight at M-B3(a) I:S OC II0.124 FS-OC 14
37 C'. Samples were harvested fihe next day with It0 nil of" I PM-S(' 2ast 0
phlosphate-buffecred saline (PBIS). and tile suspeniison wkas used 2.S-( 14
for- chailen~ge. The inoclCulni wats determinend byv colonyv counts 2.-BS 4aS L-U 1

onl Trvpticase soy agar plates. Vaccine strain EcSIf2a-2 is an tP-SC 2'a-S( 0)
aofl)-I)-eltcd Fvuhcrichia co/i-S. fltxli'ri 2a hybrid vaccine tiP-3-sc, 2-i-SC' 0 2a-S( 14
ea rryi ng Shig'//o chromosonial and plasniid genies ill anl 1.. co/i MI P-SC' :S-OC' 0, 2 2a-S( 14
background (27). Thie vaccine lot used ini this study wNas
prepared by thle Salk Inlst itute (Swift Watter. Pat.) ats describied t S-0C. In rid /I;. i1-5. Ih-i'ii 2a ýiccin ýzic l Eihiin t -c' a- inoci iculae

prey iOuslV (1 6). For i ni nIi til /t ion. lyophilIized bacteria were o -ilr trr leositiicd Iohipli Iiid vials in dose, ol _2 , 10' lo 4 - 10'
oirganism, c ea-I S. f.5. inciii 2a 0 -pu

1
> siccliaurirLc cillnijimlcd iuu /'.

rehydraled in 5 nil of sterile distilled water and kept on ice for aumiWnuuiu e.xoproiciu A g'cii to echcl aniniml qp. ill a Cii isofIi 0-5 nil ula
30) miii with repeated swirling. Thie polysaccharide-protciii 511

-lg nii preparationi lmiXCd \k 1111 0.25 nil1 (1 udluillininui hu~druuidC: 11-S( . S.5

conj Lgat. vacli esC VC 1C (3. 34. 35) used iii t Iiis stutdy were at fluxoiu 2a ( -piuIv\,itcciairidc -pruin cuini luunjulc gli ci loicachanin iaI s.c. inl adowi~
Of~o -12 ii II'5 ii iii a Si -liau l m lirecpa ral ioii: Muii-t111. S5. uuIiiuiu ( -puik 'acchlideui

gencrous gift o'John B3. Robbins. National Inistitute of, Child Conugil&ated to P. uici-upimiuuu CxiuprulCiu A giwcn ti each ammmnl ip. Hl au duuC ol
Health aind H--uman Development. 13ct~liCSdi. Md. The11 vacine~[ 0.25 nil ill a 5(l-pgrn.nl prepariutiun inixcd A ith 11_25 nil Iiii mintini um huruumdc:

directed against homologous shigellatc consists of the 0- I'n-It' t'uuPn uuui i owwApuy'iwuiuccumjgidii cuneiiulu ui

specific side chain of S. fltxneri 2a .Ol~~~ oP~lol011 10.125 ml ttill i.1). inI dolen 0md11 .125 nli ol anm-iumnmi prliaraion uINd\01

acruginoloa exoproteili A (501 jignil). The heterologous vaccine 0 ý i i oia aicad02;nlo driinl1Woie

used inl this study consists of the 0-specific side chain of'
Shige//a sonnei c mi ugated to P' awruginosa exoproteili A (501
fp'gnil ). The lionsliigellae control used in this Stuidy wats Pneco- (ilogous 0-atntigen conjugate iii wh~ich S. sounci 0-antigen.,
,nococcus ty'pe 6A polvsacehiaride COrijLligated to tetanus toxoid which is not cross-reactive wsithi S. flcXiteri 0-amntiigcn. wats

100t f.Lgnil). conjugated to exoprotein A wits LUseLd in the initial pareniteral
Immunization regimens. Vaccination regimens were varied inimunizationl (protocol I PM-son). For additional studies onl

by route of administration and tile f'requnctyC aiid timiing of' the protective iflicac\ of' thle comibinied parenteral-niuicosal
Inimunization. ats shown in Table 1. In each immunization regimeni. immniziiations were done 1wv using at SUbutaneLUClIS
group, there were 4 to 101 aini ia Is. ats shown in Tables 2 to 4. (s.c. ) route of admin iiistriat ill for tilie parcrit era I immun11(1iza tioln.
The hybrid E. co/i-S. flcxm'nri 2a vaccinie strain FcSl'2a-2 (27) The S. fl'xncri 2a polvsaccliarideC-prOteiii COn~jugaIc VaCCuiie wa&S
was iadministered by a lniucosal route. i.e.. oculaIr inoculation, administered twice subcutaneously (protocol I P-13-SC). Three
by using a priniary inimuniizationi only, its in protocol M. or- combination regimens were testedl (protocols I PM-SC. I PM-
primary and boosting Immnunizaitions. ats iii protocol M-13. A B-S('. aiid MI P-SC). Ii MI IP-SC'. the plimnar\ dose wats givenl
polysacceharide-protcin conjigaIte vaccine consisting of' S. fle '- rnucosallv, aiid the boosting (lose wais given sUbeitane11OUSly. A
ite'ri 2a 0-antigen COiiju'aited toP' aeru5'tilo.va exoproteinl A (3, regimen usin primary anid boosig( 1IOilLOC f cti-
34. 35) wats administered intrapeiritonecally ( i.p. I by using [protocol M-13(a)j Wats alSO incl~uded inl this experimental
aluminum hydroxide ats thle adjuvant. either in at single dlose group.
(protocol II') or with two boosting doses (protocol 113-1). Two Immunization of' animals. Ocular imn~lUIiuniza ons \%[s ere0don
combiniation parentetral-mu1.cosal regimens were tested (proto- as, describe(] previously ( 16). In thle ease ofl the live EcSf'2a-2
coils IPM and IPM-13, which included at boosting dlose of' vaccine. bacteria were reconstitutedl as described] in "Bacterial
FcSf2a-2). Nonininiunlized aninials were used to deternmine strains anid vaccines" above, and~ 0.105 mil was inoculatedl into
background readings (protocol NC') and as conitrols in protec- each eye of the animials. For each immunization. the inloculumn
tion experiments. Inmmriniz~ation with an Unrelated polysaccha- was determlinel by hcolonyCU~1 Oou il t 17n 1 Pt iCaIs So\,gi plaltes:
ride conjugate (protocol I PC'). !'ncitnococcu~s ty'pe 6A polysac- the average dlose \%ias 2 x I10' to 4 x I16.1 Clii per eve. F-or i~p.
ch aridLe conjugatted to tet anuis toxo id, wats used its a con t rol to administ rathion of' tilie pm dysaceli aride-prot e in conijuLgate \iac-
ensure that nonspecific immunity inducedl by adniinistrationr of Cinies, thle vaIc61c inews 11 h1oroUgh1lv iXed Wit tli al Cq;Ial voIlume
at plilysacchuiritle conjugaite wats not responsible for proitect ion 01'i~f lumliiiiim hyufrOXidle stPCISpi~lsn ( ~lrjeCt AlLrni: Plierce
against virulent challenge or for thle local immneI~i response to1 Chtemiical C'o., R~ockl~ord. Ill.) prior to inijection. The dlose of
S/nige//o 0-antigen. To determine whether (the primting inflt- tilie N. f/ciuceri 2a and tile S. vmou'ui conjugale isaccines was 01.2 '5
ence of the pare n terally adminiinste red 0-an1t igeni- prot ciii con - nil1 of a 5(1- p.). nill sit 0it1on. w IiiChI is live t11C tilsIle LImS seUsed l tii
juga Ic wats the result 4i se r(I iype -speci lie st iniiii thiioln. ;I lick' - ii iniunitinge iiciy ,lvtIidLii e il miiice ( 3): tilie dose oft the Pitmi'oo-
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coccus vaccine used ais a control was 0. 125 ml of a l10-.g•'/mIl plates were incubated for 2 h iat 37('C. After the plates were
solution. s.c. administration did not use the alum adjuvant; at washed with PBS-Twcen, to each well \ias added 10( ILl of a
least four immunizations were given under the front legs and melted agarose-substratC overlay (U.7¼• type I, low-EEO jelec-
on the back of the animal at the same doses used For the i.p. trocndosmnosisJ agarose [Sigma" in 10it nil oh barbital buIler
immunizations. [ptt 9.6) [Sigma] containing 0.4 ml of I M M(CIl_ and 2 nil of

Research was conducted in compliance with the Animal I(CIP [5 nmg of p-toluidine salt of 5-brtnio-4-chloro-3-indolvl
Welfare Act and other Federal statutes and regulations relat- phosphate toluidiniumn per ml Signia ý in I ml of NN-dimethyl
ing to animals and experiments involving animals and adheres forniamidel). Antigcn-spccific AS(" wcrc visualized as blue
to principles stated in the (;idef!r (Care and Use o l.ahoraiorv spots. which were counted with , stercomicroseope and rc-
Alninmas (26a). corded as ASC per I10" cells.

Protection studies. Fourteen days after the last immuniza- ELISA. An enzyme-linked immunosorbcnt assay was used to
tion. the animals were challenged with virtulenl S. flkevri 2a quantitatc the serum antibody response toS. fle.xeri 2a LPS as
strain 24571" at a dose of"4 x I10' to 5 × I 10 CFU per eve, as described previously ( 16) but with modilications to measure all
determined by colony count of the inoct h ni. After challenge, isotvpes. The LPS antigen "ias diluted to a concentration of I1
the animals were examined for 7 days for development of ji.rnml in carbonate coating buffer (described above), the wells
kcratoconjunctivitis. The decgree of kcratoconjunctivitis wits of polyvinyl microtiter plates (Dynat cch Laboratories. Inc..
rated on the basis of time of development and severity of Cliantilly, Va.) were coated with 50 p.1 of LPS souhtion or
symptoms (I 6) 1- 'everity of infection in tlie eves ot animals carbonate bulfer alone, and the plates wcrc incubated over-
was rated aflter challenge by the following Itiur-point scale: 0. night at 4(CC. After being washed, the plates were blocked with
no disease or mild irritation: 1. mild keratoconjunctivitis or late casein solution for I h at 37(C. After washing the plates with
development and/or rapid clearing: 2. keratoconjutnctivitis, but PBS-Tween, guinea pig sera. serially diluted twofold in) casein
no ptirtilenee; 3. fully developed kcratoconjunctivitis, with buffer, were added to the wells, and the plates were incubated
purulence. A rating for each animal was determined by the for 2 h at 37CC. After washing the plates. 51) [L1 of anti-guinea
highest eye rating. Protection was defined as follows: full pig IgG, IgA, or IgM ((ICN Laboratories) in the dilutions used
protection, no disease or mild irritation (score of' 0): partial in the ELISPOT assay was added to each well, and the plates
protection. mild keratoconjunclivilis or late development were incubated for 2 h at 37TC. After the plates were washed.
and/or rapid clearing (score of I): combined protection, full or 511 Vi1 of a 1:1,200 dilution in casein of goat anti-rabbit IgG
partial protection (score of 0 or I ). Conjugated to alkaline phosphatase (Sigma Iaboratories) was

Preparation of cells for ELISPOT assay. Animals wcrc added to each well. After a 2-h incubation at 37-C. the plates
sacrificcd by injection with sodium pentobarbital, and the were washed with PBS-Tween and 1001 fld Oif the substrate (it
spleens, regional lymph nodes (superficial ventral cervical l-mninl concentration of p-nitrophcnyl phosphate in I M
lymph nodes [SVCLNJ. mandibular nodes [MDI.NJ. and nics- diethanoolanine buffer. [pH 9.81. containing 11.5 fnM MgCI,)
enteric nodes (MSLN[). and Pcycr's patches (PP) were har- was added to each well. Optical density was read at 405 nmil.
vested. After the lymph nodes were teased to release the Endpoint titers were delined as the last dilution having an
lymphocytes, the cell suspension was put through a sterile optical density of 0.1 or greater above that of the background
screen to remove debris and washed once with RPMI 16411 wells (carbonate bullcr only). Titers oLf sera obtained from the
medium (GIBCO Laboratories, Gaithersburg. Md.) containing ainials prior to inimnization were used to determine back-
15 ptg of gcntamicin (GIBCO) per ml. The erythrocytes in a ground titers: these values were <25 for IgA and IgM and <5U
single-cill suspension of the spleens were lys-d with c Lithro- for IgG in all animals.
cyte ysing buffer (Sigma t herwical ) o.. St. Louis, Mo.) and Statistical analysis. To determine the magnitude and timing
washed an additional time with 40 ml of RPM[ 16411 medium. of the local response to critical Shýigella antigens. the ASC
Cells were counted and suspended in RPMI 1640 medium with counts for the SV('LN. spleen. PP. and other nodes (MSLN
IOC; fetal calf serum. 2 niiiol of i.-glutamninc per liter, and 15 and MDI.N) were plotted for each aniiial. Similar plots were

rpg of gcntarnicin per ml at 2.5 x 10t" cells per ml. constructed for each immunization group for ASC data oil-
ELISPOT assay. The 0-antigen-specific ASC response of tained at 13 days pomstimmunization (n = 2 in each group) and

the animals to immunization and challenge was determined by 7 to 8 days postinfection (n = 2 in each group). Geometric
using a modihication of the ELISPOT assay based on the mean serum titers ( ± standard error) were used to summarize
method of Czerkinsky et al. (7). Briefly. each Well of 96-well the serum immune response (IgG. IgA, and IgM) obtained itt
microtiter plates (Nunc-immuno Maxisorb plates: Nunc. Ros- 13 days postiiimunizalion (n = 4 in each vaccine group).
kilde. Denmark) was coated with I pxg of S. fh'xneri 2a LPS Frequency distributions of the infection severity rankings and
(prepared by the method of Wcstphal and Jann [41I) in 21 niM corresponding protection rates were used to summarize pro-
Na_,CO, buffer (pil 9.6) or with carbonate huffer alone. After tection data from challenge experiments (n = 4 to 8 for each
being washed once with PBS. the plates were ilocked with 51, group). Two-way analysis of variance (ANOVA) was used as
fetal calf serum in PBS for I h and washed with PBS prior to part if' the overall data analysis stralcgy to assess the differ-
use. Prepared cells were dispensed at 100 il) per well, and the cinccs in outcome measures due to the effects o(f (i) route (if
plates were incubated for 4 h at 37'C( in a humidified CO. administration (M. IP. IPM), (ii) boosting dose (presence or
incubator. After incubation. the plates were washed four times absence), and (iii) the interaction of route and booster (33).
with PBS-(l.05rr Twccn 201 (PBS-Twcen). I(1(0 .l if anti-guinea Seruti titer data wcre log (rainsfornlIcd (base 10I) in all analses.
pig IgG. IgA. or IgM ('ICN Laboratories) per well wits added In the case (if the infectiii severity ratings (ordinal data). this,
(anti-guinea pig IgG, 1:1.2111) dilution in casein solution, con- corresponds to the rank-transform method (6). When ovcrall
sisling of 21) gi of cascin and 2.11 g of sodiutm azide in PBS per differetnces (by ANOVA) were significant (P < 01.115). specilic
liter IptI 7.2 to 7.41; anti-guinca pig IgA and IgM, 1:8011 comparisons (lby ANOVA mean squarc erroir) were madc (c.g.. -
dilution), and the plates were incubated at 4(" Lovernight. After all mnlcosal [M. M-B, 1PM. and IPM-Bj vcrsus parcnlteral onl\
the plates were washed with PF3S-Tween, 1111) R.1 ofi goat [i1P and 111-B13). The uipaired I test (ASC or log liter data) orant i-rabbit lg coinjugated ti alkaline phtisphatasc (Sigma) at Wilcoxon rank sui test (,severity ranking) was used to compare

a 1:1,2011 dilution in casein was added Io each well, and the two group,, (33). All I' alucs, for comparing l\so •,loutp, are Iwo
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sided. I he Minitab software systemn (version 8'.2: Minit~ib. Inc.. 800 -_ _ _________-____________
Sidle CollegeC. Pa1.) w\'is Used ito carry out all statistical analy~ses. 70SVCL N

REULS7 00 Igo SPLEEN

Measurement of 0-antigen-specific ASC in the spleen and 500OhE
regional lymph nodes of infected animals. To establish that tlie o 400

guinlea pig keratoeonlunetivitis model canl" be uIsed to measure 30

infeteion and1( to examine thle t 11111 n of, thIiis response. anl < 200 -1
[LISPOT assay was used to detect S. /kx~lnri 2a 0-antigen- 100
specitie ASC in the spleen. 11) atid regional lrniph nodes of'
gulineat pivs ocuilarly infected In'S. flex,,eii 2a strain 2457T. The 0
lyrpli nodes examined were the MDI)N MSLN. and SVCTN. 700
wh1ich drain the eve and other hlead regions. 6J g

Animials were infected with strain 2ý4571. and1. 0-anltigenl- ý uG Ig

specific IgGi- IgA-. and lgM-ASC' were measured in the 1150
Spleen. PP. andl regional lymiph nodes in one or two animials for
each time point tor I0 to 44 days postinfeetion (Fig. 1 ). The 2 0
spleen. PPll and tregional lymnph nodes from11 two unlinfeteCtd C-,- 300
animials wecre examinied On dayV 0 for background count11s and V)

-< 200
we re ncgaitiN c lto- specific ASC. After infection. the 0-aiitigzen-
specific AS( response for all three isotvpes lpcaked arlounid 12 1 00 -

dlays. dropped by I15 days. and wanied I%' 37 to 44 davs0
postintection, kilcic only at few specific ASC were observed.

As showsn in I io. I. th majority oif 0-ntritigen-speci tic ASC 700
wecre located in the SVCLN and the spleen 8 to 12 days 600 - g

post infeect ion. with the number being at least tw~ofold higher iii
the SVCI.N. By days 15, 18, and 28. the tiunmbers of 0-antigen- 50 a

specitic ASC were abou01.t equal in thie spleen and SVCLN. At 400-
all timec points. the MSLN and PP. Which are distall to the site D

~"-300-of' infect ion, contained only at hew spcfcAS( and are Q)
presented combined with the M l)LN ats "other" in Fig. 1. < 200-

Local immune response to S. *flexuieri 2a 0-antigen after
immunization. Thie local jilTmmun response waIs eXaminedlC inl 100
aniiimalIs i mmuin ized with Iiand witht iouta boosting dose for each0 _ W
roulte of administration (M and M-13. 1PM and IPM-1. 11P and OA 06 4A 4B 8A 8B 12A 12B 15 18 28 .35 37 39 44

I-13-). inl noninimutnized animials (NC). and in animials immuil- DAYS POSTIN FECTI ON
nliZed With the Unrelated polysaccharide conjugate vaccine
(I PC). 0-antigcn-specilic 1-G-, 1IgA-, anid I~gM-AS(' were I-( tG 1 N umbeir anld di,stribuiion ot ()-ailliicill.pccilic ASC Per 10
measured in the spleen. SVC[.N. MiI)N. N4SLN. atnd IT 13 cells tuomid in the reLgiOlill .iltvpti nods., Pc\cl, Patches. and sPteenl
davs afte r the last immilunization (I day prior to challenge) iiihc oc~itikir n-spCel~lOgll)i isitic Sg ~ .leA-,-l' and "g- ee ted ain t 2e 7pt1e.

animials fromn each protocol group (11 2). as shiowvn inl Fig. 2. I'eCrllith' i ~~olil\ý[CkCC111CI11 a
Becau1se M DLN. MSLN. and PP' showed only scat te red sc nia. K tickrld CU111 regona tc niplei inadc hter determinei tAr atil
ci tic AS('. the ASC fromn these sites are shown conbihined untde r u ii fcied an imaiIak 0 minats 0A unit 01l3): itieseC COL11 V ts~crc nIg lCili\e
lie dCsigniltaiOn '*ot her."' Althloughi theric was sotie va riat ion An maI' sscCeXmi iied Onl days 4 tailma Is 4,A aitd 41It). 8 (aiti mia Is 8,A

wit hin iiach ii niun ~itioiti~l group, clear patterns of' AS( re- ai1d SB) . I12 (~itnihakI 12:A aid t1213), t15. 18. 28 . 35.317. 31), aind 44
sponsc enicige fromn the data. A two-way AN( VA ( route IM. ti()'tilteCtliaii. 1:01 calcti aimailll. AS( eauints' \\cre deCItellined tar the
1PM. oir I P I by boost inig (lose jprese iic or abhse ice I) indicated SV(I N the spleeI. riid 'u t liei r ites I MS I .NINt ) N atd 1'1 ).
significant ditiereceics in mean AS(' counts between routes"
(IgGi. PI= 01.047: gA. =' 01.024: IgM. /I= 01.014). There was
nit dectecta ble hoo ste r e tiect antd nit evide iice thaiit botoste r in thle lymnph tiodes d raini ng thle site o f i ninni tiia tion Ox-e.
eflccts, depenided on route ( no interactioti). Iii aiiinials receix - SVCL N ) otilv if' there wkts at nitieoasl itiimiitiization. Averagec
ing only parenteral imimuniizationis (il aPnid [Pl-13). few 0- AS( citunts for thie 1P1M group wkere somewhatii highert thial
antitigen-specilic AS(' were detected iti the animials receivitig those foir the M groulps (MI or M-ll). and thle conibitied
only one immunization (I P). while specific IgGi-ASC were reCgitletCis ([IM 1tid l19M-13) hald it lairger propoirtioin of' 0-
dectectd in the spleens of animials receiving three immiitiniza- antigeti-specilic lgM-ASC thian aniy of' the other groups. suig-
tiitns (W -13). There was little 0-aiitigeii-specitic IgA-ASU gestilig eiihanced activatioti of' ailtigen-specilie \irgiti B cells.
response iti atnimals froti either thie I P or I I'-I grouip, atid till Avcriigc hg( - anid IgA-ASC responses were soniewliat in-
specific AS( were fouind in thle SV X 'I N. coint rast. aiiiin~ils creased whencl boosting reginillsl (NI-I and IPIM-li) weCre
receiving atl least (inc ni ucostIi iii mmiuniziattionli ( M. M -BI. II1M. A:td iii iiisle red~. lii11111i ituti o i/tii \ ith fi lie I't'Otul a pi 1lys~it-
and IPM-B) had significantly (I' < 01.0011 ) higher numbecrs of' charide cotnjugatte (I PC') promduced no detectable 0-antigeti-
0-atitigen-specifie AS' oif all isotypes thiati those receiving specific ASU.
only pareiiteral imimunizationts, aiid specific AS('%were tfounid iti Plrotective efficacy after immunization. Foiirteenl dayxs after
the S V( '1N as5 well as in thle spleens of iitese aniniia Is. These thle last i 11111litii i/il t 111. tile aliiia \%~ I e t chatlIentged a it I
resultIs denmonst rate that 0.aiitigeti-spicitic AS(AI- weredetectd kvirtiletit S. fli'Xni'ri 2au st rain 2457'1. Thie results of the challenge
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-~ ~ -- ______- - -- AltI F. 2. Vaccinec prolcticon againist v irulciit challcriLe''

I m VCLN No. ol ainiiiiid, %it ah I'roiem tl e (no, ol ai tilial
q. 00 210 SI Lt LN Ptrotocl") icicrit\ ratiing ii': lroi1C.Iedtl otil Hoj,

OTHER5 i 11 1 Hll l',mrial (ombiiicd

M 0 3 1l 2 D6(0)'m 360(50) 3 0(50)1

< NC 1 ) 0 I 0 4 04(0) 0(06)) (146)))
0( 01 7 0 ) 0(83) 0(01()

4A 0( 0I 20(I 5 (33)) 4(67) 06(100)

1qA1 o II 1 6 (17) (56)1)) 3 06100)
N( 0) 0 DI 6 0')6(0) 11)6(lo) o 11n)1
II'-1 0( 1 0 7 0(8(0) 1 8(13) 1 8013)

oflklL "i. /115' hu LIC 2 \%ecki alilr the Ltlnim luih1tii/Mii W~tli 5 111, (t'11
0lS flme Itrtain 2457!1 in citcl etc.

Prot'r ocols. ire &iLe ribed in 'tai6c I ,

~~~~~~~~o kin t~e &%ctlipmetit'i iido innipid clearngii: I. keratoci junci nniiei i. buit noi
'qM pnilruencc: 3. lul \6 &\ci oped kenatocoijujiict i\ iir.N it Ii puiirilecie."jPrteciiojif \it.' dcliDcd 11i 11111'; ii. 110 dh'e'C tiC OTMild irritititin Icore ot

200 ): p~trtitl. 11L kera cniiteijuitct~ii rtteLCC~jI11Idl raiIId c rn
Is'co re iii I ): combined, ltill or partial prottectioun (sctmnctil IF or I I.

'50 ~Va)ltue, in (Nirne ii le'. are percciiiat-'.

j~ regimen without thce necessity oll'a boosting imniunization. The
addition of' a boosting dose to thle combination regimen

v M B PM PM B IP 1-B NC IPC (IPM-B) did not significantly Increase Protection over that
FIGi. 2. ()-mitiern-specif AS( ctiit per 1(0"cells 13 days Psil- seen in animials receiving the IPM regimen (P = (0.41).

r~~niaii.To(three iltcas(t'hePMgroup) antimals from11 Homologous priming needed in combination regimen f'or
each immilunizationi group (described inl [ahle 1) \%ere analvzed. For enhanced protective efficacy. To determine whether the prim-
cacti animalf. positivc fg(G-. igA-. and lgM-AS(' counits tsere deter- ing influence of the pareniterallv administered 0-antigen-
mined tor the SVCLIN. thle spleen, aind "other" sites (MISLN. MIDI.N. protein con1ju~gate was the result of serotvpe-specihec stimula-1i
and P11). tion. heliterologousS s (.iti -anthgen conuaewa sdi

the initial parenteral immunizit ion (IPM-son). Tile protective
efficacies and local immune responses were compared between

studies. assessed by the rating of the severity of keratoconjunel- these animials and animials immunized by regimen 1PM b\
tivitis. are summarized in Table 2. Statistically significant using the homologous 0-anitigenl conjugateC (Table 3). Animials
reductions in severity 1'rm that of nonvaceinated animals (NC' f'rom tile IPM-son group did not produce an AS(' response
were obtained in all cases when the vaccine regimen contained comparable to that found inl the IPM animials (Table 3).
aI niucosal immunization with the EcSf2a-2 vaccinec (either M. Although tile infection severity scores in thle heterologous
M-13. IPM, or IPM-B3 compared with NC, maximum P value. group (IPM-son) wecre significantly~ less than those of* rlonini-
((.02;, Wilcoxon rank sum test). When thc parenterallv admin- munized animals (P =(1ROW Wileoxon rank SLUm test), thle%'
istered S. fl'xn'ri 0-1 intigcn conjugate vaccine was given alone were significantly greater than those of the homologous group
lIP) or boosted lIP-B) or when the unrelated polysaccharide (i.e.. IPM: 1P = 6.)009). The corresponding observed protection
conjugate vaccine (IPC) was given, infection severitV was rates were 38'i (3 of' 8 animals) for the IPM-son group and
essentially identical to that seen in nonimimunized control I100(Ic (8 (if 8 animals) t'or the IPM group. indicating that
animals (NC). By using at twol-way ANOVA. the overall effect homologous priming is necessary forF 111L eoh11iCCIe prottective
(if route oif administration ( M, I P. olr IPM) on protection rates efficacy observed inl thle IPM animials.
wais highly significant (P < 0.000(1). Although thle overall Combined subcutaneous-mucosal immunizations produce
difference between boosted and nonboosted protocols was iiot enhanced protective efficacy. To f'urther explore tlie enhanced
significant (1) = ((.083). there was at significant interaction effect protective efficacy observecd inl thle combined parenteral-niuco-
(P = (0.04(0) due to the booster effect seen (only in the mucosal sal immunization regimecn. additional experiments using three
group (M. M-13), i.e., at boosting dose in the niucosal group combined subeutaneous-mucosal regimens (IPM-S('. IPM-B-
(M-13) significantly increased protection over that of' the SC. and Ml P-SC': Table I) were performed. Fourteen days
noinboosted group M ( M versus M-13. 1) = (0(031). Notably, after tile last immunization, animals were- challenged with tilte
there was no significant diflference (P' = ((.827: Wilco.\on rank virulent N. fIc~twri 2a straini 24571'. 'Ihc results, of' this chal-
sum test) between the protection achieved with the non- letige. showvn in 'Table 4. indicated that signilicantis greater
boosted combinted regimen (1PM) and t hat olbt a ined withI thle protection against vi rule t chot Ilentge ((itt that seeni in conit rol
boosted mucosal regimen ( M-13). and both [I'M atid M-13 artnimals (N(') was observed for all of tlie eonmbiined regimnils
regimens gave significantly greater protectioni thati the M (I PM-SC'./P = 0(.013:1 PM-B-SC'. I = ((((3: MiPF-S(. 1' = t(.0 47)
immunizatioin regimen alone (1PM versus M. P' = ((((36: M-13 and f'or M-B( a) (1P =(.0(16: Wifeoxon ratik Stiml test). itli shilc
versus M, P = 11.0(31). Thtus. (tie conibined regimeni ([PIM) tininials received liriniiitty and boost ing doses Oif' iFCSI'-2. No
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lABITI. 3. Prolecti~c ctttcacy" ani local timlIlitcn reslonsc1' alter 1onttttttgotts, and hcleieologotfu pritiin IiCiltillil eitet

No fm mP %fllw c t ~ ,o:inioCcioll laic (fit). of l ,ilidl.ll N" ,I AS( 10, 'CHli

0 1 1 fill Paiti,1 ('11,ni)'ii d tc( icýA I LM

IP) 0 ", 7 SI I) ,';S 7 ) ) 8 8( I i ) 80 SO) 110

IPM-sonl 0 3 3 -1 01)(0)) 38(3S) 3 SON) 15 11 23
NC 0) 0) D 4 0,4)0) 0)4(0) 040)4)

.\ttniiials %krc chzillciigd _2 %scc)s Amc ilife kmi iiniiiitiiaiu will S IiI0, (ii I Ito . )"h~Ii~ 2zi 'drain _14,S7 il cacli csc. I Sc c~criim rimint!s A it a
procction lecis arc tivscribcd ill Iahlc -2. loonioics (and d.

AxcraL!C nnmhcr ic ofaign-.cii AS( pci- 0"CIII' cck flinic splccn, S\ (I N. IT. %I)IX m ind NISIN 1.3 la\s s~iini~ Imai trIlic 11W) and is
IIP -ii1aitimals.

Vallivs inl paicnihcscic' :1C Irccniaics.

protectiotn against virulent challenge wats observed in tie groLup foun11d iii the M-13 animals (averagc iL~i-AS( eOu~nt. 1,.488
immunized twice with the protein-polysacceharidc conljugate versus 458. respectively) and although the ditferences in spe-
vaccine (I P-B3-SC). Protection in animals immul~nized liv thle cific IgA- and IgM-ASC counts Wecre not sig~nifican~t. these
I PM-SC regimen was comnparable to thIiat observed in animals di lie rcrces were also aboLut t hree fold hi uIhe r that)a those f'01u nil
immllunized by th M (a) regimecn. The eCsults of' thle eXPer-i- inl the M-13 group (average IgA-AS(' COunt. 1 .)8 1 verSuis 348:
ments shown in Tables 2 and 4 show that a Primary combinecd average IgM-ASC eOu~nt. 1,200) versu~s 233). In addition, more
pareinteral-mueLIosal immunization regimen using either the i.p. than 50" of the postehallenge 0-antigen-specific ASC wecre
or s.c. route for the parenteral immunization produces en- located in the SVCLN. These results suggeLIst that this ConljU-
hanced protect ion aga inst challenge without the addition of' a gale vaccine suIccessfullyI primed the immune system, but since
boosting immunization. The Ml P-SC' regimen. although pro- local priming at the site of' in feet ion did not occur pmrior to
dueiffi Significant protection over that observed in the control challenge. the secondary response seen afler infecction was too
animals, did not produce thle enhanced protection observed iii late to provide protect ion. The second highest AS(' countIs
the IPM-SC group (MIP-SC, 50';, IPM-SC. 10010 . These

rslsindicate the importance of* timing~ andodr(t.
muILCOSal and then parenitcral or pareniteral and then mueLIosal)
of' the immunizations il tlie combined regimens. n'

Local immune response to S. ficxnieri 2a 0-antigen after
challenge. Iwo animials f'romn each immunization reg~imen were so4 C)' 1C

saicriliced 7 or 8 days af'ter challenge with virulenC~t S.f'oi2a, 2 U
and the niumbers of 0-antigen-specific ASC in thle spleen. IP1

largest numbers of postehallenge 0-antigen-speicific ASC wer

found in the animals which had been immunlized three times II(3
i~p. w~ith the S. fl'xncri 2a polysaecharide-protein conljugate i
vaccine (hP-13). Animals rceivi ng thie IP-li regimen had sig U iI.I
nificantly higher- number1Is of' Specific IgG-ASC than those 0

receiving~ thle other boosting regimens (hW-13 versus M-13. P) 14

(0.027: I P-B vcrstis IPM-3. PI= 0.00152). In f'act, the Ig(i-ASC
cou~nt htor the 111-13 animals wats threefold higher than that t

TJ/JJ t 4. Vaccine ctticacy iigatitst virulentl ChlMIlenge' in Conthittid

regimens usintg sucitttt-tcstimmtunizattion4

vo it I 5cr1 ratI iTIL It proic~cic iiil 11.)
t11rolcol (I t t _ 4_ III(I) (7 lt

1tM S 2 II ) 24( ) 24illl 44)la "t11 ll)d
44-S II 4 (4(I) 14()) 14(4

1.~a t 4 0t (1) 1 (t (17) 4 (t(7) 5 (17) l
IPM.-S(* 2 2 0 04 2,4 Sýlt) 14(250) 4410)75 l
Nu-C t 0 0 4 4,1120) 04 (0) 24(51))

14m- -IC 14 It -4 114 1o) 114 (25) 344(7))

Anmas cr ci~cnic 2ssck ,~tr it~-- wlt~ P l(i. 3. 0- e I\(Ill iil 8 diss, poslilt-

Animals Ar scrct'chlitt tLed 2:l t ticc s al to 11c I1111111liilo ihi , M

t'tIllmIs arc ilcsmcrilcl tt thlC 1. tgm ASU cititlis %%CrC deeInItC1d1IJ 10 tiW SV( IN. ticI splCCII. aind
Valtics t tt pt rc ttthsv, .i rc C rcc itaics. ott tier sitcs, ) M StN. Ml) N. andi 11').
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FtIG. 4. Scrurn antibody titers against S5. th'.oteri 
2a 0-antigcn 13 days after irnlant/ation. tour anifilils ilrom1 eCih inlniunLil Zaflon group

(described in Table I ) werie analyzed. The geomietric mnean liters for serumli IoG. IgA. and NNM are shoss ri. Background titers %%crc determnined trom
pre nm rim izat ion b'leeds tor each animial (< iSt) for ligG: <2 '5 for IgA ind hM and uised to calculatle endpoint titers asý described in Materials and
Methods. Standard desiat ions of the mecans are indijca ted.

occurred in animals immunized by protocol IPM-B (average wits no detectable IgA response when a single parcnteral
1IgG S. IgA-AC nd fgM-ASC counts wecre 848. 071. aind immunization wats used alone (Wo). and in fihe boosted p aren-
5012. respectively), su~ggesting that the parenteral immunization teral regimen (1 P-B3). the postiminmunization lgA titer wais
in this group might have increased the priming response. mitnnimal (< 100(). These results SUigC'St anl associationl between
Animals that received only it primary immunization in the immunization route and IgA response. H-owever. there was no(
vaccination regimen (M. 10. and 1PMJ) did not have it higher apparent correlation between 0-antigen-specific serum anti-
proportion of postchalleinge: 0-antigen-specific IgG ASC. as body levels and protection. For examplel. the 1PM anitiials had
wats seen in the atnimals with at boosting regime n (M-13. I P-B. Serum antihody titers comparable to those found intilte M
and I PM-B3). Animals that received it combination of paren- group of atnimals atid lower than those found in the NI-B3
teral and mucosal immunization with no hoost had a highler animnals, hutpoetoitltelMaiaswa qa ota
proportion of 0-antigen-specific lgA-ASC thart those that found in the M-13 animals and significantly greater than that
received other regimens, found in thle NI animals. [ here were significatitly highier rgG

Serum response after immunization. Thle serum antibody titers in thle animals from thle iP-B group thall in tile animals of
response atgainst S. fle'xneri 2a LPS wats examined with and thle boosted mucosal protocols \NI-B and IPM-13 (31.38 versus
without at boosting dose lor each route of administratioti (MN. 3,368, 1' = 0.0(22), indicating that the polvsacchiaridc-proteirt
NI-1: 1PM. IPM-B3: IP. IP-fi). for nonimnmunized animals conljugate Vaccine administered parentera~lly stimulated antit-
(NC). and for animals immunized with the unrelated polvsac- geni-specitic gGproduction. In the animials receiving thle
chatride conjugate vaccine (111C). Thie serum lgG. IgA. and unrelated polysaccharide conjugate vaccine (113C), there wats at

gMgeometric mecait titers (n = 4) are shown in Fig. 4. A small rise in 1gM titer. ( <100(), osil representing stimunla-
two-wayx ANOVA comparing routes (MN. I PM. and I P) with or lion of notnspecific IgM antibodies.
without boosting indicated a highlyv significant booster effect
(or eceh isotype ats evidenced by inicreaised geometric mean DISCUSSION
titers (minimujm of' 11)-fold) in the boosted regimetns (lgG. P' <
0(.000(5: IgA. P < (0(((005: IgM. 1' < 0(.0005). Although it Several variables, including, tile route Of adminlistration, thle
boosting dlose increased the serum response Ikor all three frequeticy arid t imirng of immunization, and pre' ious, CXP',sttrel-
routes, the degree of increase vraried with route, itidiCatingi that to hiomlologous1 strains, Canl iniflutetice thle immune reCsponIse to
there wats interaction. Within thle groups receiving it niLtCOtSai protective alitigeti21S and t(irs thle prilteeti\e efjjCaCv aff'orded bw
immunization ( M. M-13. IPM. arnd IPM-B3). there wats no a vaccine (I1. 19)). Iti the cutrrent stud\ . tile guinea pig! kerato-
significant difrerence (P) > (1.05)5 for anyv isotvpe in geotmetric cotijunctivitis iiodel wa is used to examinte thle importance oft
mean titers between NI and I PM (tor between MI-13 and I PM-B3. thle route oft immnnitizationi (mu1LCOSal ver-sus parenltcral ). tile
Howe,'ver, animals receiving mucosal ininliti~atizfotis wAitho(ut form otf' antitin prsite I i teutdsrisSesus
boosting (MN and 1PM ) had significant ly grealte r geometric 0-ant ige n-protciii conij uga Ic . a rid thie frcq uertcv 0 ifininatitti -
mean titers compared with those receiving it single parcrnteral zatliorn (primairy versus boostinag irrirriunizat otis) onl thle des cl-
immunizatioti ( lgGi 30(4 versus 43. 1' = 0(.0(40: IgA. 31I5 versus opmeiit oif protectiona agiuinst Sh//C1a infect ion itt tai~t5c aitt-
0(. P' < 0(.000(1: 1gM. 741) versus 130,. 11 = (0.021 ). Gieotietric nials. Thle local immunie responrse to thle 1.P's 0-antitienr
meitn titers for igA artd 1gM (or boosted inteo~sail protocols induiced by immurtizationii or b\ infection wats assessed by
NI-B and I PM-B3) were signifieaniitv higher thant those found inl detectitig (lie 0-:tntigeti-specific ASC fin the lymiph nodes,

t16- boosted parcricrral protocol I P B I1-A. 3.OS9 verstis 79, P' tr!1ilin(lie1 couijunetivac f(i.e.. SV( I N) aradL inl the 'pleeai. PP~.
0(.0(1(14: IgM, 9).526 versus 2.5( (. P 0.(((7). Notably. the re atid othle r regional lk mph nodes.
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Our rcSul~tS indicatICrI that, in naiVC anfinliak. a1 MICO.Sal It is intitrcstino to note [hill there kttas a larger priipirtiiin of*
imnnuiiliationli ia ttic contunctivat mcnihranic wa is rcquircd loir 0-anlt iucn-sp-ccitic lcM/-AS( cvidcnt postilmmunti/attion in] tile
it strtong ()-ant igcn-spcci tic ASC respo nse in thti SV( 1 N antd a iiimais fr I'lim p ro tocol I PM. sn g-cst ng" that difticrenit ci on part -

ot.i protect ion ag'ainst infict ion. A hooSt incý in LICOSiI I vaciCnali- cIi isk of, anit i-cci-spcci tic %iirgil rt3 celils had been sli i iinalfcdl b%
tion i ncreased pl-otccti\ xc c icacx' Paic cit c a Im inmnizati/toni tic Mxxi to'lS 01s i' in ll~in itiiatoill. Th tcUsc of a iii1 in s ain
a tov c wit i anl (-anlt mcii subhun it vacc inc did not sit 51udiua c anl ad1 iianit in] t he pa rcn tcra 1 im innnilat u in V~ouid aisi i hci
()-antiocn-spccific AS(' iesponsc in itice SVCLN cvcn afcte increase thce magnitude of' ttic primingn rcesponse. This xxontld
three inlll~iniuni/at N iton ad did nlot protect agcaiist ctialleiige liv potciitiattv rcsntt if)ii alargcr Ppihipnaion taticiatijtr It
\uI'lcl Si lCslilC jciTac jhcsc rcSrits cii p hasi ZC thti coiicilation ccilis ax a i tahc at ttice t iniic of clia tcilc nc t h is founid M icen oni]
hece t txcilettt prcseceic of ( )-aitlt iizcn -specci tic AS( inll tice SV- oci ne roI c 'if mn uni/.at ii i is tiscd iid conuid con tributin tcot tice
(I[N aitt Priotcction ikiti aiiiSt d iscaSC. 11i iwcvc r. a con11i l nd cenhaniccd iii ucosal reispoiise and pro tcct ion ihsc ricd in ttice

prcili cria-in nc isalii inumiliiI/at ion reiiicni. with eticer ani s.c. aiffintiia i illkiii tii I\t ine iii iiicd parcii Cltc ratl -11ii nCoSil I iC-
or i .p. iin in riiii/at iiiion I t1owcd hx' iii ucosai i inlilifi~i u/lioll. iic n . Sinc iic corbn iiiat iiio pa Pi-clC11 ii rt i r 1i l nrat acciii at ion
cliciked eiiha nced priotcct io n agaiiisi ,SN'/iii'/ chlatcriie \c it hoot r-c-tiliic hiiias ttice pot c1iiita to i li-iIcr asIoca tiii in ri ii c rcsponiiscs
tlic addrition of, a hoostin" imiiiniiziat ion. and ciinhaiicc ruiOtcct ivc c t~icaIcvx kiii f*cwc r i icL itathions. aidi -

Pr-cvious sturd ics rcportecd at possihlc coirrc tatonii h)ctx ccii tiotia st Ottics "xithi ti is combne i i iicr1r in iii iil- a ic tiiiicrt.
)-aimigiselc tiur anibd tcvc Is anid priotcct ion aga inist Th Itic iiCicr ii Liiihc rs oif' 0-ainit igc: riispcci tic AS( finund

rdiscaisc ( 2. 4). hut recccnt ev idece iic rd iczacd t hat sc ru in Icx'cis postch Iiall iic ill tice I P-B iiiiai su~ct. 1"~ s tli at ticlei iili Li iic
may bc onl ix' paritial reflect ion (if iiininLiii tx to dIiscasc (5 ). Ill s\'stcl hiii haet hcc 1ii ui~tici ci.ti priiiicrt top IrOLIC Licct ta rc seccinid-
this stildv. thicrc was nol apparceiit ci-ictlat ioul hictwcc ii tecx' s of, a ry rcsponisc inl th t vic ipii iiodcs drainingii tie sitec of" iiitcct iin.
scr2rtiii1 MiiiiiOrIV aiinl Protcct ion c iiist rtiscasc. Foir cUa iiipc. I I\Nwcx'cr. sinicc thticrc was ino ilicalI primiriill prior toi inftct ion.
tice conih i icr nitiicosat-paicriitc rat r-cgi iiici (I PM) prOrlnCCr miiiigratioit oif' 0-a it ioc ii-stccitic AS( to tic SV(TI-N wais toio

si cn iticantlt Ixgrceit c r prottct ion waiainst diseasc t hani tie ni Lclsat la tc to providc pirotcct ion aga inist diisealse. It has i1 cc ii 5 t( ii i iii
1inlii in Liiii/at iin (M ). bot intaiima is xacci nate crhv tice HIM rc-irnicii (ithticr systceiis that prcx iotls C~tiOSLi rc tii iii Llcosisa patliogc ii
didt iiot hiawc sit'n iticai it iv Ii icticr 0-ant icc ii-spccitic scruna iii a- cal ii h st iimulha ted AM itcra parc ittc rat injict ion . I arieIr st Il ics
tihodXV titcrs t'or any\ i Sot\ýpc. It StiOnl ibte notcd t hat scrri i I gA showcoll that Pak istanii \woiiic iiwithi rvin cx_~ilii sI rc ti- 10ctiiit-
tOcvc \%is xx crc siC M1i itic it vIi Chcr inii aiti Mua Is ccc ixi uc ii 111COSaId c ia rcspoiidtd woith ii irrcascd sccrcto o'\ I cA t itcrs in hr-ca st
iii iii Lli~iti l, i btill.tn thr t icr as lio signiif ica nt coirretat ioii ticoke twc m ilk afttcr at parcriitc rat chl cra immunizuination "Iti i ini suichi
scrunii I-A lcvcls aiid protcction. risc in secicrcorv llzA titcrs wkas seen in SxxNcrisi woniclMilwtii

F'Xili iiinat iou of' anltigcn-spcci tic ASC afttc oriial chlecral hartL 1i pr-cx'inUs cXpOiSrrc to chle icra ( 39. 40t). Ili piopuiltat(ions
%accinat ioi in tiuiiiiis shtiotcr thait ttic numbeir oiianti-ctiolcrai xxhcrc Sh&,'eCfil infccOtiii is at C0iiiiiiiiii occrirrcncc. it is po'ssih)IC
tMiil 1stbitiiit ,\S( iiit i tie pri phicral blooi irl [ii ll ii cica r cellis t ha t parcrili t at immu iinitziation can ist iminulatci i immnooigi~iicalI
ouas ri nsidcrahtv Ii s'r thain that il t hc LIJ i~dcnalj in tici sa (32), ien uiirv from cairticr cXPiiSLl rc to iii 11iiilico1Sstr 1,1i uls. TIii 1
tt'icsc tiiirlincs arc iii agrcceiicit with rcsults foundir ill tic piissitifititx can tic tcstcrl iii this iiodecl biy parctitctalitt iiiiiiii-
cvniinuliitus uoniikcv iiiirel of' tralcliiiiia whicrc tic local itii- iniziti previously iiifcctcd auinimals \%itti tiic proitciii-piiivsicclia-
niiiiic rcspoiisc toiiiir iii ctilarnxria-infcctct niiiiikcvs xwas ridec conjugate va~ccine or wit1h tiat-kilCLcr slliiccit~C aikir Inca-

h-iri, h- -- oi rilm NT!- fl -de '"h ti1nt clinjill "t'v;1C stia!i )ait S cpnc
t_ . . sniivý !lie()-antiLcci-spcci tic S repn .

tiaii iiit tic tic rip1 ihcratliiiitm iiiL iii tci car ccllIs aiirl iii0irC rLiktud Thc cxpcIrillliii its rcport~ c er1eir idi~irl(atc thalt fr-crtC1C Miciic d i
iiiirtcs (28). Ill ttie Muinlca pig kc'a loci itul Iictixitis nmodel. rou tc iif immiutizatiii on1 i andir t hc forin oif, ttie a1 ii,112t ici rc
aliiticii-StCiccit icatix atcrL H-lvniptiucvtcs can tic rILKIntitatcoItrl iil imlportant v'ariablcs affecctinig ttie devlcxcoipiiielt iif' protcct ioii
ttic SVCIN. thc rcgi oial I lvitllh iiiirlcs rdraininiig thti coiijuLnict i- agCainst .sl/iii,'i'lf inifcct ion ill tice gLiniica pig kc ratiicoiijuLIlitxivitis
xvac, as wAcl itsl in thti spi ccii aunt niirc rdistil atnodes. andit ni t Iiis iiiircl. ITic resul ts iif, this Strvciitid elii hsiic th ticmponrtanicc oii
stUdiv. tiie v)csciur'c 'if0-antigcn-spcciftic ASC rcspioiiscs iii tie iiiricsaICO i iliTiliiLiiZi ia iti~l inlt tic le x dVIiitiiiclit iif I-i iotcct ixc i in -
SVW LN was lssocialtcrI \kitti priotcctiiin. Thcsc results dcmtoii- rniiinitv in iiaivc animiials. [Flrthcr cxpcrimnctts LlsiriI this mordci
st ratc t hat nicasu~rc iiiciit oif' th ti Icalt inini 1tnic rcspo sc inI calli provi dc valuab~let inf orm atiioii on t hc abl i x ot ii 1 Lil i/ii l-
11Plvii Linr t SSLUc ~s ia S~ktcr WithI tice Sit c01f' inliiiLiii iilat iOu iii ax' t ~iii rci-c ci m s toi st ilin ulat a iiocaIi i in nrititc icspOitsc aund ci infc
lic tict tcr ptcdictiir iif' vicciuic cilicac'aiil ind uu111iiiinigciiicitv tirotcctiixc iiiinlitilitv alt hotiph ii shoiilit be l ficmptiasi/crt thtit
thiani nicami-rnilcn in d~istail sitcs. Four initial ka~cciric cx'aItia- anx\ nitimat iiiidei should bec usced iiiyitv s a iiidi' fi'r trSts inl
tioils. such stuirics can tic rdiini miorc casilv illii aiiippro pti atc Iltiii ii i.

aiilinal nmiidel.
Thic enihaniced ptiitcctivc cfficacy sbiinyi ttic .... bitiiucrICNNLEGET

parcritcrat-iiuciisal immulinization regimncn iuscd in t his sut tid is We Otaniii h.tiil 13. Riihmii' lot tile gectimis u in t (it tici 11iiii\ ,it't'im-
iiil~l ag iiienit xvi thI prcxviou~s wo rk xvilli S'hiý,'cla slil. ( 22. 1. I> ' cdi rittt-p- tinlt Co t njuLg;Ic'ateti ncc iics lctt il tti sI1iiuii \\ C a Ki iiink
ticalIi-tuiHiC ct'riitiilxin (23). andI choletrau imin (301). stiiixino Sandra Sminitii-lit. Rirchiard Wairrcui. indl iitinii' 1.. 1 talc !r i'cittjiic
ilhat parcritcr'at primiing tiittowcrl by a linucosatl imiimunizatio 1ii1i hitniaiiiiritit .iiirt 'or iictiil't sllggc~liiin',
crii ta iccrl ni Lici sa I imn ii tc tcspiiiscs a tnt. iii th tchcl ilcr tox in
st LirI\. prtitct io n. Howeivevcr. it sholdmi ic inoited that iothticr H IFEH IN( t-S
Sirldics liax'c iluir~lICatd t hat parlciitcral primiiigi hart no ctt'cct oil t. Hlienensn ek. J. t19S8i. I ticnt lilc of inllkinili al i ililluiV'.it ii'llit'
sLI tscrh i iit i fininuiric rcspoinscs ( 14-) or xxii, s su t SitiCssx ( 15S. 21). es~- a brii-trcx cxx-C~% p. 1). Iii \k W lc. I i rtit. Gi' f11iih'.. '11 I.1

.,I). altliiiLicti Piecec rdid Obituscr' thalt ttie sklpprcssix' Cteffect of Stcpticiil IctI.) B.i)itchillit ntccii~iulu (it ic~pirlito' lit mid i i'ullllc'-

tarcritcal jniuitini/timiiiiiti , largel rcvcrscnl by a siltscrl ii iit fif matuloo uac. I1 10 Pan-Ns. Ox)lmdn .
tic nimiii i/ iiiin ~i) 5litccx' ii sggct cr t i 2a tIIlak. R. I:.. M. M1. Lettine. MI. I.. ('hitnwnt%. (;. Immonsifk. 1).criii c inntn/t (1) Since itihas bee SlgCIL'til Hrri ngtoun. S. Bermanl,I and S. It. FiErmalI. I97 15 ~. imi cx t 1 '1iii

prim ing fir at muicisa I rcspoinsc is a ti'cci crl lby dosage nuimbiicr 'di itc Iiisis hi, a a'minwhni~'i tyii';'ii'S l.'hi w~imiili his ittit attilic..)
and intcrxval ats xW'll ats iniiniiiiLiiitaili tiltlic(s) (29), Itirtlict IiitCCi. IDi..'155:1 iNuIO 1265.
stutd ics (i0 LIt~Cf'ic l rii ic 't iii i ni n inlililliii/alt iii i'ClciiticIuS Shold 3.l ( hit. ( A., .. . I ii. 1). "aut suii. S. (C. Si,. K. IRniIi. .. Shifniach. R.
hc liiialc. Schlneersin. aund .1. It. Hinlijn%. 1'Pi cimilit hu. Clii AtiICTi/i'
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